Background and objectives: Although early studies suggest that patients with idiopathic membranous nephropathy (MGN) and subnephrotic range proteinuria overall do well, these studies were small and follow-up was short or difficult to discern.
I diopathic membranous nephropathy (MGN) remains the most common cause of adult onset nephrotic syndrome. The natural history of the disease is stated to ascribe to the rule of thirds, wherein approximately one-third of the affected have a complete and spontaneous remission of their proteinuria, onethird enter a partial remission with subnephrotic range proteinuria, and a final third remain nephrotic and progress to end-stage renal disease (ESRD) (1) (2) (3) (4) . Studies utilizing multivariate analysis techniques have identified clinical predictors of poor renal survival. These include older age, male gender, and elevated serum creatinine at the time of diagnosis as well as the severity of proteinuria at the time of disease onset and during follow-up (5-10). However, despite these known predictors, the long-term outcome is variable with the 10 yr renal survival ranging from 60 to 80% (1) (2) (3) (4) . Thus, the optimal strategy for the management of patients with MGN has remained unclear with varying opinions emerging in the literature (11) (12) (13) .
This variation in opinion extends to the MGN patient with subnephrotic range proteinuria. Although there exists data to suggest these patients overall do well, previous natural history studies included only small numbers of this subset of patients, often with limited follow-up or inadequate details with respect to their clinical course. In particular, the time course for evolution to nephrotic range proteinuria was rarely defined (2,4,6,14 -17) . The largest natural history study was published in 1979 and included 116 untreated patients with MGN, of which 28 (24.2%) presented with subnephrotic range proteinuria. However, the outcome for this subgroup of patients was not described, and almost 25% of the patients were followed for less than 1 yr (2) . In other studies, between 15 and 46% of patients presented with subnephrotic range proteinuria (6, 14, 17) . In the largest of these reports, 19% entered a complete remission, 21% had persistent subnephrotic range proteinuria, and only 6% progressed to nephrotic syndrome (17) . This study, along with smaller studies that included a total of only 42 patients presenting with subnephrotic range proteinuria, noted an excellent renal survival as long as proteinuria did not progress (4, 14, 15) . Progression to nephrotic range proteinuria was noted to be rare, occurring in only four of 42 patients (10%) (4, 15, 16) . In addition, the time course for the evolution to nephrotic range proteinuria could not be determined in these early studies, and all were published before the development of the classes of drugs that block the renin angiotensin system (RAS), which could potentially alter disease progression.
We describe the long-term outcome of the largest cohort to date of patients with idiopathic MGN who present with subnephrotic proteinuria. This cohort was followed prospectively, allowing for the long-term assessment of these patients, including those that evolved to nephrotic range proteinuria, and compares these patients to the classic MGN patient who presents with nephrotic syndrome. Based on these data, a management strategy is suggested for this cohort.
Materials and Methods

Study Population
The Toronto Glomerulonephritis Registry was initiated in 1974 and includes all cases of biopsy-proven glomerulonephritis from the Toronto area. We identified 395 patients with idiopathic MGN who had at least 12 mo of follow-up. One hundred eight patients were identified at the time of biopsy (or presentation) to have subnephrotic proteinuria, Ͻ3.5 g/d. Data were prospectively collected at 6 to 12 mo intervals and compiled on standardized forms that included assessments of the patient's clinical status, medications, and laboratory parameters.
Data Collected
Demographic variables included age at biopsy, race, and gender. Initial and follow-up values included assessment of BP, serum creatinine, albumin, and total cholesterol as well as 24 h urine for total protein and creatinine. Also recorded was exposure to immunosuppressive agents and BP medications including the angiotensin-converting enzyme inhibitors (ACEi) and angiotensin receptor blocker (ARB) classes of antihypertensive medications. Kidney biopsy data included the degree of interstitial fibrosis, tubular atrophy, vascular sclerosis, and the presence or absence of glomerular sclerotic lesions on light microscopy, as well as the stage of MGN on electron microscopy.
Definitions
Creatinine clearance (CrCl) was adjusted for age, gender, and weight using the Cockcroft-Gault equation. An average mean arterial pressure (MAP) and total urine protein were determined for each 6-mo period of follow-up. Thus, the reported follow-up MAP and total urine protein is the average of the 6-mo means. Nephrotic range proteinuria was defined as a 24 h urine total protein value Ն3.5 g/d. A complete remission was defined as a urine protein Յ0.3 g/d in a previously nephrotic patient. A partial remission was defined as a 50% reduction in urine protein and to a level of proteinuria Ͻ3.5 g/d. Exposure to immunosuppressive agents and BP medications are reported as intent to treat regardless of the duration of exposure. However, a minimum dose of 10 mg of prednisone, 1.5 mg/kg of cyclosporine or azathioprine, 1 mg/kg of cyclophosphamide, or 0.15 mg/kg of chlorambucil for a duration of at least 1 mo was necessary to satisfy the criteria for immunosuppressive therapy, whereas therapy with ACEi or ARB is presented as any exposure irrespective of dose and time prescribed. Renal failure was defined as a CrCl Ͻ15 ml/min, initiation of dialysis or a renal transplantation. Slope refers to the loss of kidney function in ml/min/yr determined by plotting the calculated CrCl values against observation time and includes all measurements from the time of presentation. Treatment eras in relation to ACEi/ARB therapy and immunosuppression were defined by the time of biopsy, i.e., before 1980 (Era 1), from 1980 to 1990 (Era 2), and after 1990 (Era 3). Grading of the renal biopsy tissue was completed independently by a renal pathologist and two of the study authors (ST, DC) who were blinded to the clinical data, as described previously (18) .
Statistical Analyses
Continuous variables were assessed for normality both visually (normal probability plot) and by inferential statistics (Shapiro-Wilk W and Kolmogorov-Smirnov tests). Normally distributed variables were expressed as a mean Ϯ SD, and nonparametric variables were expressed as a median and range. For continuous variables, either a t test or the Wilcoxon RankSum test was utilized to assess for significant differences among groups where appropriate. Categorical variables were expressed as a percentage and compared using the chi-square test. The rate of renal function decline or the slope was determined by simple regression. Renal survival was compared by Kaplan-Meier curves and the log-rank test.
Results
Three hundred ninety-five patients with idiopathic MGN with at least 12 mo of follow-up were included. The majority of the cohort was male (66%) and Caucasian (79%). The average age of onset for the entire cohort was 48 Ϯ 16 yr. The majority of the cohort, 287 patients, presented with nephrotic range proteinuria and preserved kidney function with a median proteinuria of 7.4 (3.6 to 31.3) g/d and an average CrCl of 85 Ϯ 35 ml/min. The outcome of this cohort has been previously published (8) . Our focus was the 108 patients (27%) who presented with subnephrotic range proteinuria. Sixty-six of these patients subsequently developed nephrotic range proteinuria, but 42 patients, representing 39% of this cohort and 11% of the total MGN population, remained with low-level, subnephrotic range proteinuria through the observation period. The 42 patients who never reached nephrotic levels were followed over a median observation period of 55 mo (group 1). The 66 patients, who presented with subnephrotic range proteinuria, but who developed nephrotic range proteinuria, were monitored over a median follow-up period of 82 mo (group 2). The outcomes of these groups are compared with the 287 MGN patients who presented with nephrotic range proteinuria.
The baseline characteristics, follow-up and outcomes for the never nephrotic (group 1) and the nephrotic post presentation group (group 2) are summarized in Table 1 . There were no distinguishing baseline features between the two groups, with the exception of a statistically significant higher level of baseline proteinuria in the group that subsequently developed nephrotic syndrome with a median of 2.43 g/d compared with a median of 1.98 g/d in the never nephrotic group. Baseline creatinine clearance as well as baseline and follow-up MAP were not significantly different nor were the mean number of BP medications. The number of months wherein the patient was considered to have been on a maximal dose of either ACEi or ARB ranged from 0 to 75 mo in the never nephrotic group (group 1) and 0 to 81 mo in the nephrotic postpresentation group (group 2), with approximately twice as many patients receiving RAS blockade in group 2. With respect to immunosuppression, approximately half of the patients that had nephrotic range proteinuria at some time during the course of their illness received immunosuppression compared with 19% in the never nephrotic group. Immunosuppression utilized in the never nephrotic group included prednisone in six patients, azathioprine in two patients, and alkylating agents in three patients. Three of these patients received more than one form of immunosuppression, either prednisone in combination with azathioprine or an alkylating agent. In the group that later developed nephrotic syndrome (group 2), 30 patients had a least 1 mo of exposure to prednisone, one patient was treated with azathioprine, nine with alkylating agents, and six with cyclosporine. Again, combinations of immunosuppressive therapy were utilized in eight of these patients. Almost all were treated following conversion from subnephrotic to nephrotic range proteinuria (only three patients received prednisone while subnephrotic).
The slope or rate of loss of renal function was significantly lower in group 1 (Ϫ0.93 Ϯ 4.26 ml/min/yr) compared with the group that subsequently developed nephrotic range proteinuria (Ϫ3.52 Ϯ 7.47 ml/min/yr). Only 5%, or two of 42 patients, lost in excess of 50% of their kidney function over 10 yr of follow-up (Figure 1) , with only one of these patients progressing to ESRD over a period of 154 mo. This patient presented with a low CrCl (34 ml/min). Thus, his rate of progression to ESRD (slope Ϫ0.72 ml/min/yr) was within the range of the mean for this group. The other patient displayed a more aggressive course, with a normal baseline CrCl, but uncontrolled hypertension at presentation and throughout the course of follow-up. His rate of loss of renal function was Ϫ5.88 ml/ min/yr and not compatible with this MGN disease group. Presumably, severe uncontrolled hypertension factored prominently in his accelerated rate of progression.
In contrast, despite presenting with subnephrotic range proteinuria, the rate of progression in the group who subsequently developed nephrotic range proteinuria was not significantly different from the classic nephrotic syndrome at presentation (Ϫ3.52 Ϯ 7.47 and Ϫ4.76 Ϯ 9.85 ml/min/yr, respectively, P ϭ ns). A greater proportion of group 2 patients lost in excess of 50% of their kidney function over 10 yr of follow-up (Figure 1 Survival from 50% loss in kidney function over 10 yr comparing the never nephrotic group (group 1), nephrotic post presentation (group 2), and nephrotic at presentation (group 3); P ϭ 0.0001.
ml/min/yr). Neither patient had sclerosis, fibrosis, or tubular atrophy on their initial biopsy. In those patients who presented with nephrotic range proteinuria, 42 of 287 (15%) progressed to ESRD over a similar observation period. Biopsy features of patients that never developed nephrotic range proteinuria are presented in Table 2 . The vast majority of the patients did not have significant interstitial fibrosis, tubular atrophy, or vascular arteriosclerosis. The percent of global or partial glomerulosclerosis in this group was not significantly different from the percentages noted in the group who subsequently developed nephrotic range proteinuria. By electron microscopy, the majority of the patients were classified as either stage 2 (35%) or 3 (38%) membranous nephropathy (stage 1, 9%; stage 4, 15%). There was no indication of either a changing incidence or a change in biopsy practice in patients presenting with subnephrotic range proteinuria over time, since these patients accounted for 27% of the renal biopsies performed in Eras 1 and 2, and 29% of the renal biopsies performed in Era 3.
As might be expected, utilization of conservative therapy including ACEi and ARB increased over time with only 16% of the entire cohort receiving these therapies in the first era compared with 77% by Era 3 (P Ͻ 0.001). Examination of the entire cohort revealed significantly higher rates of immunosuppression use over time, with 47% of patients receiving some form of immunosuppression during Era 1, increasing to 61% by Era 3 (P Ͻ 0.001). Furthermore, the use of cytotoxic-based regimens increased over time while the use of prednisone alone decreased. Specifically, the never nephrotic group (group 1) did not show a statistically significant decrease or increase over time with respect to immunosuppression, but did reveal a significantly increased utilization of conservative therapy over time, with 7% of patients receiving ACEi/ARB during Era 1, 15% during Era 2, and 75% during Era 3 (P Ͻ 0.001). However, despite the increasing use of ACEi and/or ARBs, the percentage of patients who presented with subnephrotic range proteinuria progressing to nephrotic range proteinuria did not change significantly from Era 1 to 3. Figure 2 depicts the time course for the 66 patients who progressed from subnephrotic to nephotic range proteinuria. The majority, 70% (46 of 66), did so within the first year of follow-up with fewer and fewer progressing to that level of proteinuria over the subsequent 4-yr observation period, with only six of 66 (9%) progressing in year two, three of 66 (5%) progressing in year three, and two of 66 (3%) progressing in year four. Another nine patients (14%) did progress beyond 4 yr of follow-up, but 42 of 108 patients never progressed to nephrotic range proteinuria. The observation period in the later group spanned 6 to 20 yr. In the group that reached nephrotic range proteinuria, subsequent evaluation revealed 21 patients had a complete remission and 26 patients had a partial remission. The proportions of patients who entered a remission paralleled the history of those patients who were nephrotic at presentation.
Discussion
As the most common cause of adult onset nephrotic syndrome, idiopathic MGN is most typically described as presenting with nephrotic range proteinuria (1,4). In our study, however, over one quarter (27%) of patients with idiopathic MGN presented with subnephrotic range proteinuria with almost 40% of these patients (11% of the total MGN patient population) never increasing beyond this level despite many years of observation. This higher than expected percentage of never nephrotic MGN is not likely to reflect changes in local biopsy policy since the percentage of patients in this subgroup did not change over the different eras of observation. Furthermore, the percentage is very similar to that reported by Noel et al. in his 1979 natural history study of 116 untreated patients wherein 24.2% presented with subnephrotic range proteinuria (2). On the contrary, one could postulate that this group is actually underrepresented and may be significantly larger than we observed, given that nephrologists may limit biopsies to patients with indicators of more active disease, including impaired or progressive renal dysfunction, nephrotic range proteinuria, and/or an active urine sediment, none of which was seen in this cohort (19 -21) .
Overall, these patients with idiopathic MGN and persistent low-grade proteinuria have a very favorable long-term prognosis. Presenting identifying characteristics (versus group 2) are few with the exception of a lower median urine protein at presentation. Although statistically significant, it is difficult to reconcile a less than 500 mg median difference between those who maintain low level proteinuria and those who convert to nephrotic range proteinuria as a clinically relevant useful predictive tool. Female patients represented in excess of 50% of the never nephrotic group. Although this is consistent with the literature, suggesting males have a worse renal survival (5, 7) , it is important to note that despite a lower percentage of males within this group, their rate of progression was not significantly different from the females. This is consistent with a recent analysis from our group, wherein we demonstrated that progression (slope of CrCl) is not dependent on sex in MGN except when urine protein persistently exceeds 8 g/d (22) .
Contrary to the findings from previous studies, wherein age and initial creatinine clearance predicted an adverse outcome in multivariate analysis (5, 10) , no significant differences between the groups were noted in these parameters at presentation. There were also no distinguishing pathologic features. This variance from the literature is at least in part explained by our recent analysis of patients with nephrotic range proteinuria and MGN. We demonstrated that pre-existing patient factors, including age and BP, resulted in a lower creatinine clearance at presentation. This in turn was associated with histologic findings suggestive of underlying chronic damage including increased tubulointerstitial disease, vascular sclerosis, and secondary focal and segmental glomerulosclerosis (FSGS) lesions (18) . These findings translated into reduced survival rates because the typically older, hypertensive MGN patient started lower on the survival curve (lower CrCl at presentation), not necessarily because the patient had more aggressive disease. Thus, in addition to assessing renal survival, our recent studies have focused on the rate of deterioration in renal function as measured by the slope of creatinine clearance (8, 18) .
Our data confirm the dominance of the level of persisting proteinuria on progression. In group 1, the rate of deterioration was negligible (Ϫ0.08 Ϯ 0.35 ml/min/mo) and indistinguishable from our earlier data in MGN patients who have sustained a complete remission (Ϫ0.12 Ϯ 0.40 ml/min/mo) (8) . The solitary patient in our cohort of 42 patients with persistent low-grade proteinuria who did progress to ESRD did so over a period of almost 13 yr and his rate of deterioration was the same as the rest of the cohort. In this case, his progression to ESRD was more clearly related to a low presenting creatinine clearance (34 ml/min) rather than an unusual rate of disease progression. His biopsy revealed evidence of chronic damage including interstitial fibrosis, tubular atrophy, and vascular damage confirming underlying chronic damage. It is possible that his membranous nephropathy was present for years before diagnosis or that he had significant chronic kidney injury from a cause other than his membranous nephropathy. The importance of urine protein is also clearly seen in the patients initially in group 1 who developed nephrotic range proteinuria. Their rate of progression subsequently increased significantly and did not differ appreciably from those who initially presented with nephrotic syndrome.
As expected, our era comparison did reveal that conservative therapy with ACEI or ARB is being utilized more over time for the management of proteinuria. Although obviously not a prospective randomized trial, there was no indication that the introduction of ACEI or ARB therapy has altered the incidence or the percentage of patients who progress to nephrotic range proteinuria in those with MGN presenting with low-level proteinuria.
Given the very favorable outcome in the group of patients with persistently subnephrotic range proteinuria, there appears to be no indication for immunosuppressive therapies as the risk is likely to outweigh any benefit. The small, but steady, percentage that continued to be exposed to immunosuppression over the observation period would suggest that this message needs to be emphasized. Again, although not proven by this study, conservative therapy including treatment of hypertension to lower BP targets (Ͻ130/80 mmHg) along with smoking cessation and treatment of hypercholesterolemia to LDL targets Ͻ2 mmol/L would seem prudent given the established risk factor of proteinuria in cardiovascular disease (23) (24) (25) .
Finally, close follow-up of these patients remains important, as a significant proportion of the patients who present with lower levels of proteinuria will evolve to nephrotic range proteinuria and then follow a course similar to the classic nephroticat-presentation group. Although the majority that do evolve to this state do so within one year of biopsy (70%) (Figure 1) , the remaining 30% evolved over a much longer time frame. Since after conversion their progression parallels those presenting with nephrotic syndrome, all these patients require the same careful approach with respect to subsequent monitoring and therapy.
In summary, a significant percentage of MGN patients present with subnephrotic range proteinuria. A significant proportion will maintain this low level persistently over time and will rarely if ever progress due to their MGN compared with those who present with or develop nephrotic range proteinuria. Observation and conservative management is all that is required in the care of these patients, and immunosuppression with its inherent complications perhaps is best avoided. Despite the introduction of new BP targets and anti-proteinuric agents (RAS blockade), the incidence or progression rate of this cohort does not appear to have been altered. Careful ongoing follow-up is warranted because those that do convert to higher grades of proteinuria have the same outcome as the nephrotic MGN patient.
